IN the treatment of cancer all efforts are directed -towards the total elimination of the malignant tissue by means of surgery, radiotherapy or a combination of both. There will be many occasions when this ideal will be impossible of achievement and, whilst surgery may be required for the relief of symptoms at the primary site, it will be of no avail in the treatment of widely scattered metastases. In turn, radiotherapy may be of limited value, either on account of radio-resistance of the tumour cells or the impracticability of treating widely spread deposits.
Despite the earlier diagnosis and increased scope and safety of operation, there has been but little rise in the overall survival from all forms and all stages of malignant disease. Consequently attempts have been directed towards treatment by chemical means and over the last I5 years various cytotoxic drugs have been introduced into cancer therapeutics. Although no chemical compound has been found which is capable of curing cancer, many substances are available whose action is to induce remissions for varying lengths of time. Such drugs may be divided into the following groups (Goodman and Gilman, 1955): Cytotoxic Drugs Acting by Virtue of Chemical Properties These drugs, which include the antimetabolites and the alkylating agents, are discussed in greater detail below. They have no selectivity of action, the vulnerability of the cells being related to their mitotic activity.
Drugs Exerting Their Effect by Altering the Environment of the Cancer Cells
These drugs induce remissions in tumours which show hormone dependence, examples being the use of androgens in the treatment of carcinoma of the breast and of Estrogens in the treatment of carcinoma of the prostate and breast.
In acute leukamia in childhood, where the cells escape from the control normally exercised by the adrenal steroids, the use of induced hypercorticism leads to a remission, of variable duration, in some 30 to 50% of cases (Burchenal, Murphy and Tan,   I956 (uracil, thymine or cytosine) . Both types of nucleic acid contain adenine, guanine and cytosine, but uracil is found only in RNA and thymine and i-methyl cytosine only in DNA.
RNA is found mainly in the cytoplasm, with smaller amounts in the cell nuclei; DNA is confined to the nuclei, where it exists in combination with various nucleoproteins.
In view of the importance of nucleic acid metabolism to the life of the cell and the relation between DNA and cell multiplication, much effort has been directed towards the inhibition of cell division, especially of neoplastic cells, by the use of substances which, on theoretical grounds, might be expected to inhibit nucleic acid bio- (Burchenal et al., I956) . It has also been found that the folic acid antagonists interfere with normal embryonic development (Hertz, 1948; Hertz and Tullner, 1949) and aminopterin can induce feital death in utero (Thiersch, I952) . The use of both drugs is contraindicated during pregnancy, for major abnormalities have been found following administration during the first trimester (Sokal and Lessman, 1960) .
Methotrexate is currently in use in the treatment of chorioncarcinoma, either alone or in combination with other cytotoxic drugs (Li, Hertz and Spencer, 1956 ; Li, Hertz and Bergenstal, 1958; Hertz, Bergenstal, Lipsett, Price and Hilbish, 1958; Li, Whitmore, Golbey and Grabstald, i960) .
Glutamine Analogues
The diazo-amino acids azaserine (o-diazoacetyll-serine) and DON (6-diazo-5-oxo-norleucine) were discovered during the search for anti-tumour antibiotics. They are structural analogues of glutamine, react competitively with the latter and block its utilization in purine synthesis (Davidson, i960) . Both inhibit growth and induce abnormalities in embryonal development (Dagg, Kar- nafsky, Lacon and Roddy, 1956; Murphy and Karnafsky, 1956 ).
Although remissions have followed the use of these two substances in the treatment of malignant disease, the systemic toxic effects encountered were severe and neither drug is in current use.
Purine Analogues
Unnatural analogues of the purine base, such as 6-mercaptopurine and 8-azaguanine, have been used in cancer therapeutics. Their action is to block some stage in purine biosynthesis, 6-mercaptopurine blocking the conversion of inosinic acid to adenosine monophosphate and 8-azaguanine inhibiting the biosynthesis of guanine monophosphate (Davidson, I960) .
6-mercaptopurine has been used particularly in the treatment of acute leukxmia in childhood (Burchenal et al., I956) , remission being obtained in some 50% of cases. Although the chief effect is exerted on the bone marrow, gastro-intestinal disturbance may follow the use of the drug and hepatic damage has been reported (Clark, Hsia and Huntsman, I960) . It is of interest that crosstolerance does not appear to develop between this drug and aminopterin when both are employed in the treatment of acute leukemia.
6-mercaptopurine has also been used in combination with methotrexate in the treatment of chorioncarcinoma (Li et al., 1958; Buckle, I959, I96I) .
Pyrimidine Analogues
The use of the fluorinated pyrimidines, 5-fluorouracil and 5-fluoroorotic acid (Heidelberger, Chaudhuri, Danneberg, Mooren, Griesbach, Dus- The mode of action is not known, but it is suggested that Actinomycin D interferes with the pantothenate-dependent reactions concerned with the biosynthesis and/or utilization of amino-acids, possibly by interference with the activity of coenzyme A (Foley, I955) . In vitro studies with HeLa cells have shown that Actinomycin D inhibits RNA and protein synthesis and that a specific effect appears to be exerted on the nucleolus (Goldstein, Slotnick and Journey, i960) .
Given by intravenous injection, Actinomycin D has led to regression in cases of Wilm's tumour in children and some effect has been obtained in cases of rhabdomyosarcoma and neuroblastoma (Tan, Potentiation of the predicted response to radiotherapy has been reported to follow the use of the drug (Tan et al., 1959) .
Toxic effects encountered during treatment include nausea, vomiting, diarrhoea, alopecia, marrow depression and local thrombophlebitis at the site of intravenous injection. Increased pigmentation at the site of irradiation has been noted in patients receiving simultaneous Actinomycin D and deep X-ray therapy.
Vincaleukoblastine is an alkaloid containing indole and dihydro-indole moieties and was originally isolated from the herb Vinca rosea Linn. (Noble, Beer and Cutts, I958) . Preliminary studies suggest that the anti-metabolic activity may result from interference with glutamic acid participation in the citric acid and ornithine cycles (Johnson, Wright, Svoboda and Vlantis, i960 
The Alkylating Agents
The mode of action of these substances has been described by McFarland (1958 In other words, in neutral or alkaline aqueous solution intramolecular transformation occurs with the release of chloride ion and the formation of a cyclic ethyleneimonium compound which is highly active. This in turn reacts, leading to the formation of an inactive tertiary amine, and it may be noted that the alkylating agents may be mono-, bi-or polyfunctional, depending on the number of active groups available.
The reactive centres of the alkylating agents behave as positively-charged carbonium ions, which have a particular affinity for electron-rich groups in biological systems, such as organic and inorganic anions, amino groups and sulphydryl groups. The most common and important of these reactions appears to involve the primary phosphate group in DNA and, when such reaction results from the use of a polyfunctional agent, cross-linkage occurs with the disruption of the normally straight-chain polymers. In other words, the molecule of the alkylating agent, with its two or three reactive centres, forms an abnormal bridge between different polymers of DNA. Such changes in chromosomal material produce marked effects on cell division (McFarland, 1958) .
The changes produced by the alkylating agents resemble those produced by X-rays. In the case of the latter, energy is deposited at random in all cell constituents, subsequent chemical changes being found at points where little harm is done as well as at vulnerable points. Chemical change is produced after X-ray exposure in a few vital macro-molecules, leading to an initial minor disturbance. The cell metabolism then develops this primary injury to produce metabolic changes, such as reduced DNA synthesis, which in turn leads to anatomical damage.
In the case of the alkylating agents, inactivation of DNA also occurs, with a similar progression from macro-molecular damage to obvious anatomical change, but the effects are due in this instance to a biochemical, as distinct from a biophysical. change.
The important point to be appreciated is that DNA consists of two polynucleotide chains held together by regular hydrogen bondage. A reduction in molecular weight requires two breaks, close together, in each chain and it has been estimated that a dose of radiation of the order of 1,ooo r leads to a break in the chain in about 3% of all DNA molecules present. Such breakage of the nucleotide chain is likely to prevent a DNA molecule from exerting its normal biological function and the reaction is responsible for the initiation of the processes which result in the observed radiation lesions in cells (Alexander and Stacey, 1958) .
Nitrogen Mustards
The activity of these substances (nitrogen analogues of sulphur mustard) is due, as outlined above, to the di-(p-chloroethyl) grouping. The following drugs are, or have been, used in cancer therapeutics:
Mustine [HN2: methyl bis (P-chloroethyl) amine]. Although absorption from the intestine occurs, the drug is normally given, well diluted, by the intravenous route. Systemic toxicity is manifested by early nausea and vomiting, followed some seven days later by depression of hxematopoiesis, the latter reaching a maximum at two to three weeks and then regressing. The drug is' rapidly transformed and there is little excretion in the active form.
0
Mustine is used in the treatment of Hodgkin's disease and lymphosarcoma. It has also been employed in chronic myeloid leukemia and some success has followed its palliative use in carcinoma of the bronchus and breast (Karnofsky, I958).
Mannitol Mustard [i,6 bis(P-chloroethylamino)
The modification of the alkylating group in mannitol mustard was introduced on the supposition that the cell membrane could be more readily passed by substances which take part in cell metabolism, in this case a sugar.
Given intravenously, the indications and toxic effects are as stated for mustine (Sellei and Eckhardt, I958; Papac, Petrakis, Amini and Wood, 1960) .
Endoxan [N,N-bis-(f-chloroethyl)-N-o-propy-
lene phosphoric acid ester amide]. This substance appears to act by the splitting off of the propylene phosphamide group from the 3-chloroethyl group by enzyme action (phosphatases and phosphamidases) in the tumours, the active group being liberated locally.
The drug is given intravenously or orally and there appears to be less gastro-intestinal disturbance than with mustine. Alopecia may follow the use of the drug, the remaining toxic effects and clinical indications being as for mustine (Papac et al., i960) .
Chloroquine and Quinacrine Mustards. The mustard derivatives of the anti-malarials were introduced after it had been found, during investigation of the latter, that there was selective concentration in certain parenchymatous organs and that, within the cell, the drugs localized and accumulated in the nucleus. Chloroquine mustard produced some effect in Hodgkin's disease, leukxmias and neuroblastomas, but the use of the drug was limited by toxic effects on the central nervous system. Quinacrine mustard was used in the treatment of myelomatosis and chronic lymphatic leukxmia, but led to severe marrow depression (Jones, Jonsson, Browning, Lessner, Price and Sen, 1958) . Neither drug is currently in use.
Sulphur Mustard: Hemi-sulphur Mustard. Both drugs, given intravenously, have the same indications and side-effects as mustine and no advantages over the latter (Petrakis, Wood, Mettier, Costantini and Farber, 1958) . Ethyleneimine Derivatives Triethylene Melamine [TEM: 2,4,6-tris(ethyleneimino)-s-triazine]. The cytotoxic action of this substance is similar to that of the mustards. It is less irritant to the gastro-intestinal tract and is active orally, especially if transformation in the acid medium of the stomach is prevented by the simultaneous administration of sodium bicarbonate. It has a therapeutic range of the same order as chlorambucil (vide infra) and as the effects of the latter are more predictable its use is preferred (Kravitz, Diamond and Craver, 1951;  Rundles, Coonrad and Willard, I958).
TEPA: Thio-TEPA. Two further drugs in this group are triethylene phosphoramide and its thio-derivative. The latter has been used extensively in a variety of malignant conditions, sometimes being used in conjunction with radical surgery and sometimes in purely palliative fashion. It has found use in adenocarcinoma of the ovary, carcinoma of the breast, melanotic sarcoma and lymphomas. It may be given intravenously or by direct injection into tumour masses or serous cavities. The toxic effects include vomiting, headache and marrow depression, the latter being delayed as much as 30 days after completion of treatment, and is the major factor limiting dosage (Ultmann, Hyman, Crandall, Naujoks and Gellhorn, 1957; Wright, Golomb and Gumport, 1958; Englander and Sarangi, i960) . Myleran [I,4-dimethanesulphonyloxybutane] This substance, a sulphonic acid ester, has an action similar to that of the nitrogen mustards. Although gonadal damage may follow its use, leading to permanent amenorrhcea in the premenopausal female, its cytotoxic action is almost entirely confined to the bone marrow and the drug has been used with success in the treatment of chronic granulocytic leukemia (Galton, I953; Galton, Till and Wiltshaw, 1958) . The drug is administered orally and continued until optimal response is obtained. Though tolerance may develop, the drug is sometimes effective in patients who no longer respond to radiation. Myleran has been suggested in the treatment of some cases of myelofibrosis with myeloid metaplasia (Dameshek, Granville and Rubio, I958).
Of a series of water-soluble aromatic nitrogen mustards synthesized, chlorambucil has undergone extensive clinical trial. Its effects resemble those of the other alkylating agents, but it is active orally, there is less variation in dose response and less systemic toxicity.
The diseases responding best to chlorambucil are those characterized by abnormal lymphocytic proliferation; a satisfactory response is seen in cases of lymphosarcoma and chronic lymphatic leukxmmia, with a less satisfactory response in cases of Hodgkin's disease Ultmann, Hyman and Gellhorn, 1958; Miller, Diamond and Craver, 1959) .
Amino-acids Carrying the Nitrogen Mustard Group
Melphalan (phenyl alanine nitrogen mustard; p-di-2-chloroethylamino-L-phenylalanine) and the racemic form, sarcolysine, are currently in trial use. Both produce only transient response in Hodgkin's disease and the effect is less marked than that produced by chlorambucil (Papac, Galton, Till and Wiltshaw, 1958) . Sarcolysine has been reported to produce marked remission in cases of seminoma and Ewing's tumour (Blokhin, Larionov, Perevodchikova, Chebotareva and Merkulova, I958) .
This drug, in which the mustard radical is attached to the pyrimidine base uracil, has been introduced recently into cancer therapeutics. The drug, which is effective orally, is of value in chronic lymphocytic and myeloid leukxemia, lymphosarcoma, mycosis fungoides and polycythiemia vera (Shanbrom, Miller, Haar and Opfell, i960) . Side-effects appear to be less marked than with other mustard analogues and the dosage required is small.
The drugs mentioned above have normally been given by the routes indicated. The reactivity time of the alkylating agents is brief, being of the order of a few minutes, and the systemic toxic effects, rather than the clinical response, may be the factor which determines the dosage used.
In an attempt to select that drug which will exert maximum effect tissue cultures of the cells of the tumour in question have been made, the effect on their growth of available cytotoxic drugs noted, the drug finally selected being the one producing the most marked cytotoxic effect. Correlation between in vitro and in vivo results have been obtained (Wright, Cobb, Gumport, Golomb and Sasadi, I957).
-Methods of delivering a higher concentration of a given cytotoxic agent to a tumour mass than is possible by conventional methods are being utilized in an attempt to enhance the effect and at the same time reduce the systemic toxicity. These methods include direct injection of the tumour mass, direct injection into the artery supplying an affected area and the use of regional perfusion, utilizing an extracorporeal circuit. The latter method is particularly suitable for the treatment of pelvic cancer, cancer in one limb or cancer of the head and neck. The compounds used in such treatment have been chosen empirically and have included nitrogen mustard, thio-TEPA, melphalan and Actinomycin D (Creech, Krementz, Ryan and Winblad, 1958; Creech, Ryan and Krementz, 1959; Creech, Krementz, Ryan, Reemtsma, Elliot and Winblad, 1959; Austen, Monaco, Richardson, Baker, Shaw and Raker, 1959) .
Alternatively, high systemic concentration may be achieved, with lessened risk of marrow aplasia, if preliminary marrow aspiration with the reinjection of the stored marrow after completion of the course of chemotherapy is performed. By this method a vastly higher dosage of cytotoxic agent can be employed (Westbury, Humble, Newton, Skinner and Pegg, 1959) .
Various combinations of cytotoxic drugs are employed, either simultaneously or sequentially, in an attempt to enhance the effect on neoplastic tissue (Li et al., 1958, i960) . Trials are also in progress in which pre-and post-operative administration of cytotoxic drugs is combined with surgery in the management of malignant disease.
These methods of treatment are of recent introduction and time must elapse before assessment can be made as to their ultimate role in the treatment of cancer. In particular great care must be taken to relate the survival period in patients who have received cytotoxic drugs to that obtained with other methods of therapy, as well as the natural history of the untreated disease.
In conclusion, the drugs at present available are of great value both in treatment and in the elucidation of metabolic pathways (Nyhan, I959) . The findings of differences in structure of the nucleic acids (or the enzyme systems responsible for their synthesis) between normal and malignant cells may provide the key to cancer therapeutics, for it might then be possible to select substances which would act on the cancer cell alone. The magnitude and complexity of the problem has been outlined recently (Todd, 1959) ; until such time, biochemical research will continue to provide drugs worthy of clinical application.
